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(54) Method of metal layer formation and metal foil-based layered product 



(57) A method of metal layer formation which can 
satisfactorily eliminate the problems caused by plating 
solution infiltration and is sufficiently effective in reduc- 
ing the permittivity of an insulating layer; and a metal 
foil-based layered product obtainable by the method. 
The method is for forming a metal layer on a surface of 



a porous resin layer and includes: a step in which a po- 
rous resin layer having a dense layer as a surface part 
thereof is used as the porous resin layer and a thin metal 
film is formed on the surface of the dense layer by a dry 
process; and a step in which a metal film is formed on 
the surface of the thin metal film by plating. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method of 
metal layer formation for forming a metal layer on a sur- 
face of a porous resin layer and to a metal foil-based 
layered product which can be obtained by the method. 
The invention is useful especially for forming an insulat- 
ing layer or wiring layer for wiring boards for high-fre- 
quency use. 

BACKGROUND OF THE INVENTION 

[0002] With the recent trend toward higher informa- 
tion processing rates and higher communication wave 
frequencies in information/communication appliances, 
the wiring boards on which electronic and other parts 
are to be mounted are also required to have suitability 
for high frequencies. For example, the insulating layers 
in such wiring boards are required to have a tow permit- 
tivity and a low dielectric dissipation factor at high fre- 
quencies so as to attain excellent high-frequency trans- 
mission characteristics and excellent low-crosstalk 
characteristics. 

[0003] The reasons for that are as follows. In the cir- 
cuit of a wiring board, an energy loss in transmission, 
which is called a transmission loss, occurs. This trans- 
mission loss is proportional to the product of the fre- 
quency f of the signal, the 1/2 power of the dielectric 
constant e, and the dielectric dissipation factor tan5 of 
the material. Because of this, materials to be used in 
wiring boards for higher frequencies f are especially re- 
quired to have a low dielectric constant e and a low di- 
electric dissipation factor tan5. Furthermore, materials 
having a low dielectric constant e are desired for high- 
frequency applications also from the standpoint that the 
rate of signal transmission is inversely proportional to 
the 1/2 power of dielectric constant e. 
[0004] In the method which has been generally em- 
ployed for forming such an insulating layer having a low 
permittivity and a low dielectric dissipation factor, a resin 
material which itself has a low permittivity is used. 
Known examples of such low-permittivity resin materials 
include fluoropolymers such as polytetrafluoroethylene 
and polyimide resins. 

[0005] On the other hand, there is a technique for 
forming an insulating layer having a lower permittivity 
than the resin material itself constituting the layer. This 
technique comprises forming the insulating layer so as 
to have a porous structure. For example, JP-A- 
62-279936 proposes a process for producing a metal 
foil-based layered product for high-frequency use which 
comprises forming a porous precursor layer on a metal 
foil by a wet film-forming method using a solution con- 
taining a poly(amic acid) and then imidizing the polymer 
to thereby form a porous polyimide layer. This metal foil 
is processed mainly by wet etching in a later step to form 



a circuit pattern. Thus, the metal foil is used as a wiring 
layer. In order for such a metal foil-based layered prod- 
uct to be used as a double-sided wiring board, it has 
been necessary that a metal layer should be formed, 
5 prior to the etching step, on the layered product on the 
side opposite to the metal foil by laminating another met- 
al foil to that side or forming a metal layer on that side 
by plating. 

[0006] However, it was found that when the metal foil- 
io based layered product described above is subjected to 
electroless plating using a plating solution so as to form 
an undercoat for a metal layer on the surface of the po- 
rous layer, then the plating solution infiltrates into pores 
of the porous layer. This plating solution infiltration not 
15 only makes it difficult to obtain a satisfactory undercoat 
but also results in difficulties in removing the plating so- 
lution which has infiltrated. In addition, there is the pos- 
sibility of posing problems such as wiring pattern short- 
circuiting. 

20 [0007] JP-A-2000-319442 proposes a process for 
producing a metal foil-based layered product which 
comprises forming a porous polyimide layer on a sub- 
strate other than metal foils in the same manner as de- 
scribed above and then superposing a metal layer on 

25 one or each side of the resultant coated substrate 
through a heat-resistant adhesive layer. The examples 
of this heat-resistant adhesive which are specifically dis- 
closed in that reference include films (20 urn thick) 
formed from thermosetting resins. 

30 [0008] Although the method in which a metal layer is 
superposed through an adhesive layer is effective in 
avoiding the problems caused by plating solution infil- 
tration, it has a problem that the insulating layer obtained 
has a permittivity increased by a value corresponding to 

35 the thickness of the adhesive layer. Furthermore, there 
are cases where the laminating crushes pores in the po- 
rous layer, resulting in increasing the density of the po- 
rous layer and thereby heightens the permittivity of the 
insulating layer. 

40 

SUMMARY OF THE INVENTION 

[0009] One object of the invention is to provide a 
method of metal layer formation which can satisfactorily 
45 eliminate the problems caused by plating solution infil- 
tration and is sufficiently effective in reducing the per- 
mittivity of an insulating layer. 

[0010] Another object of the invention is to provide a 
metal foil-based layered product which can be obtained 
50 by the method. 

[0011] The present inventors made intensive investi- 
gations on methods for forming a metal layer on a sur- 
face of a porous resin layer, in orderto accomplish those 
aims. As a result, it has been found that those objects 
55 can be accomplished by using a porous resin layer hav- 
ing a dense layer as a surface part thereof and by form- 
ing a thin metal film beforehand on the surface of the 
dense layer by a dry process. The invention has been 
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thus completed. 

[0012] The invention provides a method of forming a 
metal layer on a surface of a porous resin layer which 
comprises: a step in which a porous resin layer having 
a dense layer as a surface part thereof is used as the 
porous resin layer and a thin metal film is formed on the 
surface of the dense layer by a dry process; and a step 
in which a metal film is formed on the surface of the thin 
metal film by plating. The term "dense layer" herein 
means a part which can be called a skin and has a lower 
porosity than the other part (the porosity ratio (porosity 
of the skin/that of the other part) is 0.25 or lower). Wheth- 
er or not a porous resin layer has such a dense layer 
can be judged based on an examination of the surface 
or a section of the porous resin layer with an electron 
microscope. 

[0013] In this method, the porous resin layer to be 
used is preferably one formed over a metal foil directly 
or through a resin film layer. 

[0014] In forming the thin metal film, it is preferred that 
a thin metal film made of a metal or alloy comprising at 
least one member selected from the group consisting of 
chromium, titanium, platinum, palladium, and nickel be 
first deposited in a thickness of 5 nm or larger before 
forming the thin metal film by a dry process. 
[0015] The invention further provides a metal foil- 
based layered product which comprises a metal foil, a 
porous resin layer formed over the metal foil directly or 
through a resin film layer, and a metal layer formed on 
the surface of the porous resin layer, wherein the porous 
resin layer has a dense layer as a surface part thereof 
and has a thin metal film formed on the surface of the 
dense layer by a dry process. 

[001 6J In this layered product, the thin metal film pref- 
erably comprises a layer made of a metal or alloy com- 
prising at least one member selected from the group 
consisting of chromium, titanium, platinum, palladium, 
and nickel. 

[001 7] The method of metal layer formation of the in- 
vention has the following advantages. Since a porous 
resin layer having a dense layer as a surface part thereof 
is used, a thin metal film can be satisfactorily formed on 
the surface thereof by a dry process. This thin metal film 
has a barrier effect in plating, whereby the problems 
caused by plating solution infiltration can be satisfacto- 
rily eliminated. Since the dense layer is not nonporous 
although it is dense, the effect of reducing permittivity is 
higher as compared with the case where an adhesive 
or the like is interposed. Furthermore, neither the step 
of forming a thin metal film nor the step of forming a met- 
al film especially necessitates pressing in the thickness 
direction. Consequently, this method is advantageous 
also from the standpoint of attaining a reduced permit- 
tivity by preventing compression. 
[0018] In the case where the porous resin layer is one 
formed over a metal foil directly or through a resin film 
layer, a layered product having a metal layer on each 
side can be produced while satisfactorily preventing 



plating solution infiltration from occurring on the back 
side. Furthermore, the insulating layer of this layered 
product has a sufficiently reduced permittivity. 
[0019] In the case where a thin metal film made of a 

5 metal or alloy comprising at least one member selected 
from the group of metals shown above is first deposited 
in a thickness of 5 nm or larger in the thin-metal-film for- 
mation described above, higher adhesion between the 
metal layer and the porous resin layer can be obtained 

10 as compared with the case where a thin copper film is 
directly formed by a dry process. Moreover, since this 
metal deposition is conducted in a thickness of 5 nm or 
larger, an undercoat layer suitable for diminishing the 
surface roughness of the dense layer can be formed. 

is [0020] On the other hand, the metal foil-based layered 
product of the invention has the following advantages. 
Since the porous resin layer has a dense layer as a sur- 
face part thereof and has a thin metal film formed on the 
surface of the dense layer by a dry process, the prob- 

20 terns caused by plating solution infiltration can be satis- 
factorily eliminated as described above. In addition, the 
effect of reducing the permittivity of the insulating layer 
can be sufficiently obtained. 

[0021] Furthermore, in the case where the thin metal 
25 film comprises a layer made of a metal or alloy compris- 
ing at least one member selected from the group of met- 
als shown above, higher adhesion between the metal 
layer and the porous resin layer can be obtained as com- 
pared with the case where a thin copper film is directly 
30 formed by a dry process. 

BRIEF DESCRIPTION OF THE DRAWING 

[0022] The foregoing and other aims and advantages 
35 of the invention will be apparent from the following de- 
tailed description and the accompanying drawing, in 
which: 

the Figure is a sectional view of one embodiment of 
the metal foil-based layered product obtained by the 
method of metal layer formation according to the in- 
vention. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

[0023] Modes for carrying out the invention will be ex- 
plained below by reference to the drawing. 
[0024] In the method of metal layer formation of the 
invention, a metal layer M is formed on a surface of a 

so porous resin layer 3. An embodiment of this method is 
explained which uses a porous polyimide resin layer 3 
formed on a metal foil 1 through a polyimide resin film 
layer 2, as illustrated in Fig. 1 . First, a method forforming 
a porous resin layer 3 on a metal foil 1 through a resin 

55 film layer 2 is explained. 

[0025] In this method, an undercoat film layer com- 
prising, for example, a poly(amic acid) which has been 
imidized at least partly is first formed on a metal foil 1 . 
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This step may be conducted by separately forming an 
undercoat film layer on another coating substrate or the 
like and laminating (transferring) this film layer to a metal 
foil. It is, however, preferred to apply a solution contain- 
ing a poly(amic acid) to a metal foil and then subjecting 
the resultant coating to drying and imidization to thereby 
form an undercoat film layer which has been imidized at 
least partly. 

[0026] The metal foil 1 that can be used is any of var- 
ious foils made of copper, cupro-nickel, bronze, brass, 
aluminum, nickel, iron, stainless steel, gold, silver, plat- 
inum, and the like. The thickness of the metal foil 1 is 
preferably from 1 to 50 p/n. In the invention, it is espe- 
cially preferred to use a copper foil, which is suitable for 
forming the wiring patterns of wiring boards. The surface 
of the metal foil 1 may be subjected to various, physical 
or chemical surface treatments, such as a surface- 
roughening treatment and a blackening treatment, for 
the purpose of enhancing adhesion to the resin film layer 
2. 

[0027] The application of a poly(amic acid) in a solu- 
tion state has an advantage that poly(amic acid)s are 
less limited in molecular structure than polyimides due 
to their high solubility. Because of this, the following 
compounds can be used as the acid ingredient and 
amine ingredient for constituting the poly(amic acid). For 
thermal imidization, acid ingredients in the form of a car- 
boxy lie acid may be used. 

[0028] Examples of the acid ingredient include tet- 
racarboxylic dian hydrides such as pyromellitic dian hy- 
dride, S.S'.M'-benzophenonetetracarboxylic dian hy- 
dride, S^'A^-biphenyltetracarboxylic dian hydride, 2,3, 
3\4-biphenyttetracarboxylic dianhydride, 2,3,6,7-naph- 
thaienetetracarboxylic dianhydride, 1 ,2,5,6-naphthale- 
netetracarboxylic dianhydride, 1 ,4,5,8-naphthalenetet- 
racarboxylic dianhydride, 2,2'-bis(3,4-dicarboxyphenyl) 
propane dianhydride, bis(3,4-dicarboxyphenyl) sulfone 
dianhydride, perylene-3,4,9,10-tetracarboxylic dianhy- 
dride, bis(3,4-dicarboxyphenyl) ether dianhydride, eth- 
ylenetetracarboxylic dianhydride, and butanetetracar- 
boxylic dianhydride. 

[0029] On the other hand, examples of the diamine 
ingredient include 4,4'-diaminodiphenyl ether (DDE), 
4,4-diaminodiphenylmethane, 3,3'-diaminodiphenyl- 
methane, 3,3'-dichlorobenzidine, 4,4-diaminodiphenyl 
sulfide, 3,3' -diaminodiphenyl sulfone, 1 ,5-diaminonaph- 
thalene, m-phenylenediamine, p-phenylenediamine 
(PDA), S.S'-dimethyW^'-biphenyldiamine, benzidine, 
3,3*-dimethylbenzidine, 3,3'-dimethoxybenzidine, 4,4'- 
diaminodiphenyl sulfone, 4,4'-diaminodiphenyl sulfide, 
4,4'-diaminodiphenylpropane, 2,4-bis(p-amino-t-butyl) 
toluene, bis(p-p-amino-t-butylphenyl) ether, bis(p-p- 
methyl-6-aminophenyl)benzene, bis-p-(1 ,1-dimethyl-5- 
aminopentyl)benzene, 1 -isopropyl-2,4-m-phenylenedi- 
amine, m-xylylenediamine, p-xylylenediamine, di(p- 
aminocyclohexyl)methane, hexamethylenediamine, 
heptamethylenediamine, octamethylenediamine, non- 
amethylenediamine, decamethylenediamine, diamino- 



propyltetramethylene, 3-methylheptamethylenediami- 
ne,4,4-dimethylheptamethylenediamine,2,11-diamino- 
dodecane, 1 ,2-bis-3-aminopropoxyethane, 2,2-dimeth- 
ylpropylenediamine, 3-methoxyhexamethylenediami- 
5 ne, 2,5-dimethylhexamethylenediamine, 2,5-dimethyl- 
heptamethylenediamaine, 2,5-dimethyiheptamethylen- 
ediamine, 3 -methylheptamethylenediamine, 5-methyl- 
nonamethylenediamine, 2,11-diaminododecane, 2,17- 
diaminoeicosadecane, 1 ,4-diaminocyclohexane, 1,10- 
io diamino-1 , 1 0-dimethyldecane, 1 ,1 2-diaminooctadeca- 
ne, 2,2-bis[4-(4-aminophenoxy)phenyl]propane, piper- 
azine, H 2 N(CH 2 ) 3 0(CH 2 ) 2 0(CH 2 )NH 2 , H 2 N(CH 2 )3S 
(CH^NHg, and HgNfCH^NfCH^jjtCH^Nr^. 
[0030] A poly (am ic acid) obtained beforehand by po- 
tt lymerizing the acid ingredient and the amine ingredient 
may be dissolved in a solvent to prepare a film-forming 
solution. Alternatively, a solution obtained by solution- 
polymerizing the two ingredients may be used as a f ilm- 
forming solution after additives are added thereto. This 
20 solution polymerization is preferably conducted while 
keeping the water content in the system on the lowest 
possible level. 

[0031] The poly(amic acid) is not particularly limited 
as long as it consists mainly of repeating units made up 

25 of a residue of an acid ingredient, such as those enu- 
merated above, and a residue of an amine ingredient, 
such as those enumerated above, bonded to each other 
through an amide linkage. The poly(amic acid) may be 
one containing units derived from one or more other 

30 comonomers or containing a blending ingredient. The 
poly (am ic acid) in the film-forming solution may have 
been partly imidized in such a degree that this imidiza- 
tion does not impair the solubility of the polymer. From 
the standpoint of imparting heat resistance, a low coef- 

35 ficient of linear thermal expansion, and a low coefficient 
of moisture absorption to the polyimide to be obtained, 
preferred poly(amic acid)s are ones having aromatic 
groups in the skeleton. Examples thereof include poly 
(amic acid)s comprising a product of the polymerization 

40 of an aromatic tetracarboxylic acid ingredient with an ar- 
omatic diamine ingredient, among the monomer ingre- 
dients enumerated above. 

[0032] Poly(amic acid)s obtained from BPDA (biphe- 
nyltetracarboxylic dianhydride), DDE (diaminodiphenyl 

45 ether), and PPD (p-phenylenediamine) are preferably 
used from the standpoints of the solubility thereof and 
the heat resistance, coefficient of linear thermal expan- 
sion, and other properties of the polyimide to be ob- 
tained therefrom. In these poly(amic acid)s, the PPD/ 

so DDE molar ratio is preferably from 50/50 to 99/1 , more 
preferably from 70/30 to 95/5. 

[0033] Solvents for the poly(amic acid) are not partic- 
ularly limited as long as the polymer is soluble therein. 
However, aprotic polar solvents such as N-methyl- 
55 2-pyrrolidone, N,N-dimethylacetamide, N,N-dimethyl- 
formamide, and dimethyl sulfoxide are preferred from 
the standpoints of solubility and the rate of solvent dis- 
placement by a coagulating solvent. Preferred exam- 
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pies thereof include N-methyl-2-pyrrolidone. A solvent 
such as diethylene glycol dimethyl ether, diethylene gly- 
col diethyl ether, diethylene glycol dibutyl ether, Methyl- 
ene glycol diethyl ether, 1 ,2-dimethoxyethane, 1,2-di- 
ethoxyethane, or 1 ,2-djbutoxyethane may be mixed with 
the solvent for the poly(amic acid) to thereby regulate 
the rate of solvent displacement. 
[0034] For applying the solution containing a poly(am- 
ic acid) to the metal foil 1 , any of various coaters such 
as a film applicator can be used. The poly(amic acid) 
concentration in the solution is preferably from 5 to 25% 
by weight, more preferably from 7 to 20% by weight, 
when the viscosity during application, ease of drying, 
etc. are taken into account. 

[0035] The drying and imidization of the solution ap- 
plied may be conducted simultaneously or successively. 
It is, however, preferred to first conduct drying at a tem- 
perature not higher than the boiling point of the solvent 
and then conduct imidization at a temperature of from 
200 to 500°C, especially from 250 to 400°C. In case 
where imidization is conducted at too high a tempera- 
ture, the polymer disadvantageous ly is completely or 
nearly completely imidized. Consequently, that temper- 
ature range is preferred from the standpoint of further 
enhancing the adhesive force between the resin film lay- 
er 2 and porous resin layer 3 to be obtained. The time 
period of imidization may be about from 10 to 300 min- 
utes although it varies depending on the temperature. 
The drying may be conducted, for example, to such a 
degree that the coating becomes non-flowable. 
[0036] By the method described above, an undercoat 
film layer comprising a poly(amic acid) which has been 
imidized at least partly can be formed on the metal foil 
1 . The thickness of the undercoat film layer formed is 
preferably from 0.1 to 15 urn, more preferably from 0.5 
to 5 jim. Use of the metal foil 1 on which the resin film 
layer 2 has been formed beforehand prevents the po- 
rous resin layer 3 from being exposed when the metal 
foil 1 is processed by wet etching. Consequently, etch- 
ant infiltration into pores does not occur and the prob- 
lems caused by a residual etchant can be avoided. Fur- 
thermore, when the thickness of the undercoat film layer 
is within the range shown above, the effect of reducing 
the permittivity of the whole insulating layer can be suf- 
ficiently maintained. 

[0037] Subsequently, a porous precursor layer is 
formed on the undercoat film layer. For example, a wet 
film-forming method using a solution containing a poly 
(amic acid) may be used for forming a porous precursor 
layer on the undercoat film layer. The solution to be used 
may be the same as or different from the solution used 
for forming the undercoat film layer. Examples of the po- 
ly(amic acid) and solvent to be used include the same 
poly (amic acid)s and solvents enumerated above. In 
particular, it is preferred to use the same kind of poly 
(amic acid) so as to increase the adhesive force be- 
tween the resin film layer 2 and porous resin layer 3 to 
be obtained. 



[0038] When the decrease in molecular weight which 
can occur during a cleaning step, etc., is taken into ac- 
count, the weight-average molecular weight, as deter- 
mined by GPC, of the poly (amic acid) to be used for the 

5 wet film formation is preferably 8,000 or higher, more 
preferably 10,000 or higher. The upper limit of the 
weight-average molecular weight thereof is preferably 
60,000 from the standpoints of preventing the film-form- 
ing solution from having impaired applicability due to a 

10 viscosity increase and of the polymer concentration of 
the varnish. 

[0039] In the wet film-forming method, a porous layer 
3 is generally obtained by dissolving the resin, additives, 
etc. in a solvent to prepare a film-forming solution 

15 (dope), applying (casting) this solution on a substrate 
(the undercoat film layer in the invention), immersing the 
coated substrate in a coagulating liquid to cause solvent 
displacement and thereby coagulate the resin (gela- 
tion), removing the solvent and other ingredients by rins- 

20 ing in water, etc., and then removing the coagulating liq- 
uid and other ingredients by drying. 
[0040] The dope in the invention is applied preferably 
at a temperature in the range of from -20 to 80°C. The 
coagulating liquid is not particularly limited as long as it 

25 is a liquid in which the poly (amic acid) used is insoluble 
and which is compatible with the solvent. Use may be 
made of water, an alcohol such as methanol, ethanol, 
or isopropyl alcohol, or a mixture of two or more thereof. 
Especially preferred is water. Although the temperature 

30 of the coagulating liquid is not particularly limited, it is 
preferably from 0 to 80°C. 

[0041] The poly(amic acid) concentration of the film- 
forming solution is generally from 5 to 25% by weight. 
However, from the standpoint of forming a dense layer 

35 3b as a surface part of the porous resin layer 3, the con- 
centration thereof is preferably from 7 to 20% by weight, 
more preferably from 9 to 1 9% by weight. 
[0042] In the invention, the dense layer 3b means that 
part of the porous resin layer 3 which has a lower po- 

40 rosity than the other part 3a. The porosity of this dense 
layer 3b is preferably from 0 to 25%, more preferably 
from 0 to 1 0%. Too high porosities thereof tend to result 
in difficulties in forming a satisfactory thin metal film 4 
on the surface of the dense layer 3b. The porosity of the 

45 dense layer 3b can be determined by the method which 
will be described in the Examples. 
[0043] The thickness of the dense layer 3b is prefer- 
ably from 0.001 to 10 um, more preferably from 0.05 to 
5 u.m , from the standpoints of satisfactorily forming a thin 

so metal film 4 and obtaining the effect of sufficiently reduc- 
ing the permittivity of the insulating layer. The surface 
of the dense layer 3b has an average pore diameter of 
preferably from 0 to 500 nm, more preferably from 0 to 
100 nm. 

55 [0044] An inorganic material such as lithium nitrate or 
an organic material such as polyvinylpyrrolidone may be 
added for the purpose of controlling pore shape or pore 
diameter. The concentration of such an additive in the 
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solution is preferably from 1 to 10% by weight. The ad- 
dition of lithium nitrate increases the rate of displace- 
ment of the solvent by a coagulating liquid, whereby a 
spongy structure having finger void structures (finger- 
shaped voids) formed therein can be formed. When an 
additive which reduces the rate of coagulation, such as 
polyvinylpyrrolidone, is added, a porous layer 3 of an 
even spongy structure can be obtained. It is preferred 
in the invention that the porous resin layer 3 should have 
a wholly spongy structure from the standpoint of dimin- 
ishing the surface defects of the dense layer 3b. 
[0045] The thickness in which the film-forming solu- 
tion is applied is not particularly limited. However, too 
large film thicknesses pose problems, for example, that 
solvent removal takes much time. In addition, insulating 
layers for recent mufti layered wiring boards are desired 
to be thin and lightweight and have mechanical strength. 
Because of these, the thickness of the porous layer 3 
constituting an insulating layer is desirably from 2 to 1 50 
\im, preferably from 5 to 90 urn. In the invention, the pro- 
portion of the thickness of the resin film layer 2 to be 
obtained to that of the porous resin layer 3 to be obtained 
(resin film layer/porous resin layer) is preferably from 1 
to 50%, more preferably from 5 to 10%, especially from 
the standpoint of enhancing the effect of reducing the 
permittivity of the whole insulating layer. 
[0046] After rinsing in water, the resultant porous layer 
3 is taken out and is then dried according to need. The 
temperature for this drying is not particularly limited as 
long as pores of the porous layer 3 do not close. How- 
ever, drying at 200°C or lower is desirable from the 
standpoint of handling. The imidization, which will be de- 
scribed below, may be conducted subsequently to or si- 
multaneously with the drying. 

[0047] Subsequently, at least the porous precursor 
layer may be imidized. In this imidization, both the un- 
dercoat film layer and the porous precursor layer may 
be imidized. 

[0048] The imidization in the invention can be con- 
ducted under the same conditions as in imidization proc- 
esses heretofore in use. For example, the imidization 
can be accomplished by holding the coated metal foil in 
a heating apparatus at a temperature of from 200 to 
500°C for from 1 to 3 hours. It is preferred to use a cir- 
culating hot nitrogen atmosphere from the standpoint of 
efficiently removing the water resulting from ring clo- 
sure. 

[0049] The porous layer 3 thus obtained preferably 
has an average pore diameter regarding pores present 
in a section thereof of from 0.02 to 1 0 u,m. The porosity 
of the whole porous layer 3 is preferably from 30 to 80%. 
[0050] The method of metal layer formation of the in- 
vention includes a step in which a thin metal film 4 is 
formed by a dry process on the surface of the dense 
layer 3b of the porous resin layer 3 described above. As 
the dry process can be used any of various vapor dep- 
osition techniques, ion plating, ion-beam vapor deposi- 
tion, laser ablation vapor deposition, and various tech- 



niques of film deposition by sputtering. Especially pre- 
ferred is film deposition by sputtering. Examples of the 
techniques of film deposition by sputtering include DC 
two-pole sputtering, high-frequency sputtering, magne- 

s tron sputtering, ion-beam sputtering, and reactive sput- 
tering. Various conditions for the dry process can be 
suitably determined according to the thickness of the 
thin metal film to be formed while taking account of con- 
ditions heretofore in use. 

10 [0051 ] For the reasons stated above, it is preferred in 
the invention that in forming a thin metal film 4, a thin 
metal film made of a metal or alloy comprising at least 
one member selected from the group consisting of chro- 
mium, titanium, platinum, palladium, and nickel should 

15 be first deposited. The thickness of this thin metal film 
is preferably 5 nm or larger, more preferably from 50 to 
500 nm. 

[0052] High-frequency sputtering is preferably used 
for depositing the metal or alloy because this film dep- 
20 osition technique is applicable to a wide range of mate- 
rials. The high frequencies which are being mainly used 
for the sputtering include, for example, 13.56 MHz. 
[0053] In forming a thin metal film 4, the formation of 
a thin metal film described above may be followed by 
25 the formation of a thin metal film by depositing a metal, 
e.g., copper, by a dry process. For this metal deposition 
also, the same dry processes as enumerated above can 
be employed. DC two-pole sputtering can be utilized for 
this step. Use of this technique is advantageous be- 
so cause of the simplicity of the apparatus structure and 
ease of the operation thereof. 

[0054] The method of metal layer formation of the in- 
vention further includes a step in which a metal film 5 is 
formed on the surface of the thin metal film 4 by plating. 

35 Thus, a metal layer M comprising the thin metal film 4 
and metal film 5 can be formed. This plating preferably 
is electroplating which is conducted while permitting a 
current to flow through the thin metal film 4. However, 
either a combination of such electroplating with electro- 

40 less plating or electroless plating alone may be used for 
forming a metal film 5. 

[0055] The material of the metal film 5 preferably is 
copper or a copper alloy, tin, nickel, gold, or the like. 
Copper is especially preferred. The thickness of the 

45 metal film 5 is preferably from 1 to 50 urn. 

[0056] Electroplating can be conducted by a known 
method. In general, however, use is made of a method 
in which the layered product is immersed in a plating 
bath, and electrolysis reactions are conducted using the 

50 thin metal film 4 or another part as a cathode and a 
source of ions of the metal to be deposited as an anode 
to thereby deposit the metal on the cathode side. 
[0057] Plating solutions for depositing various metals 
by electroless plating are known and various kinds are 

55 on the market. General electroless plating solutions 
have a composition containing a metal ion source, alkali 
source, reducing agent, chelating agent, stabilizer, etc. 
[0058] The method of metal layer formation of the in- 
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vention, which was described above, should not be con- 
strued as being limited to the case where the resin film 
layer 2 and the porous resin layer 3 each are made of 
a polyimide resin. At least either of the two layers may 
be made of a heat-resistant resin such as an aramid res- 
in or a poly(phenylene ether) resin (PPE). In this case 
also, the problems caused by plating solution infiltration 
can be prevented and the effect of reducing the permit- 
tivity of the whole insulating layer can be sufficiently ob- 
tained. 

[0059] In the embodiment described above, a porous 
resin layer 3 was formed on a metal foil 1 through a resin 
film layer 2. It is, however, possible to form a metal layer 
M on a porous resin layer 3 on which neither a metal foil 
1 nor a resin film layer 2 has not been superposed. 
[0060] On the other hand, the metal foil-based layered 
product of the invention comprises, as shown in Fig. 1 , 
a metal foil 1 , a porous resin layer 3 formed over the 
metal foil 1 directly or through a resin film layer 2, and 
a metal layer M formed on the surface of the porous res- 
in layer 3, wherein the porous resin layer 3 has a dense 
layer 3b as a surface part thereof and has a thin metal 
film 4 formed on the surface of the dense layer 3b by a 
dry process. Although this meal foil-based layered prod- 
uct can be advantageously produced by the method of 
metal layer formation of the invention, it may be one ob- 
tained by another process. 

[0061] The metal foil-based layered product prefera- 
bly has such a structure that the resin film layer 2 has 
not substantially penetrated into pores of the porous res- 
in layer 3. In this case, it is preferred to select a combi- 
nation of resins showing high adhesion to each other, 
for example, after wet film formation, because it is nec- 
essary to obtain a sufficient adhesive force between the 
two layers without the aid of an anchoring effect. 
[0062] A wiring board can be produced from the metal 
foil-based layered product of the invention by forming a 
wiring pattern in the method foil 1 or metal layer M by a 
known etching technique or another technique. It is, 
however, noted that when the layered product is etched, 
a separate etching operation may be necessary for the 
thin metal film 4. 

[0063] Examples for specifically illustrating the con- 
stitutions and advantages of the invention will be ex- 
plained below together with Comparative Examples. 
The permittivity and porosity of each metal foil-based 
layered product were determined in the following man- 
ners. 

(1) Dielectric Characteristics 

[0064] The film layer-bearing porous layer from which 
the copper foil had been removed by etching was used 
as a sample to be examined. A resonator manufactured 
by Kanto Electronics Corp. was connected to a network 
analyzer manufactured by Agilent Technologies Inc. to 
determine the permittivity (strictly speaking, dielectric 
constant) at 10 GHz, 



(2) Porosity of Whole Insulating Layer 

[0065] The porosity of the film layer-bearing porous 
layer was calculated from the area S (cm 2 ), thickness t 
5 (cm), and weight m (g) thereof and from the density d 
(g/cm 3 ) of the material constituting the layer, using the 
following equation. 

1Q Porosity (%) = (1 -(m/d)/(Sxt))x1 00 

(3) Thickness and Porosity of Dense Layer 

[0066] The pore volume of the dense layer was meas- 
15 ured by the nitrogen adsorption method (BET method). 
The boundary between the dense layer and the other 
part was specified with a scanning electron microscope, 
and the thickness of the dense layer was measured. The 
apparent volume of the layer was calculated from the 
20 thickness and surface area thereof. The porosity of the 
dense layer was determined in terms of percentage (%) 
by dividing the pore volume by the apparent volume. 

(4) Average Surface Pore Diameter of Dense Layer 

25 

[0067] A photograph of the surface of the dense layer 
was taken with a scanning electron microscope. The av- 
erage surface pore diameter was determined through 
computer analysis of the photograph. 

30 

PRODUCTION EXAMPLE 1 OF COPPER FOIL-CLAD 
POROUS LAYER 

[0068] A 15% by weight N-methyl-2-pyrrolidone 
35 (NMP) solution of a polyimide precursor obtained from 
BPDA (biphenyltetracarboxylic dianhydride), DDE (di- 
aminodiphenyl ether), and PPD (p-phenylenediamine) 
(PPD/DDE molar ratio, 85/15) was used as a film-form- 
ing dope. This dope was applied in an even thickness 
40 to the blackened side of a 1 -ounce rolled copper foil with 
a film applicator having a gap of 15 urn Immediately 
thereafter, the coated copper foil was placed in a 1 00°C 
drying oven for 15 minutes or more to dry the coating 
with air circulation. After the drying, the coating was 
45 heat-treated at 250°C for 30 minutes in a nitrogen at- 
mosphere to cause the polyimide precursor to undergo 
thermal ring closure. 

[0069] After the coating had been cured and then 
cooled to ordinary temperature, a film-forming dope 

so consisting of the same components as the dope used 
above and having a solid concentration of 19% by 
weight was applied in an even thickness to the dried 
polyimide precursor film with a film applicator having a 
gap of 65 um. Immediately after the application, this 

55 coated copper foil was immersed in 25°C pure water to 
coagulate the polyimide precursor and then dried at 
90°C for 1 hour or more. The coating thus dried was 
then heat-treated at 400°C for 3 hours in a nitrogen at- 
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mosphere to cause the potyimide precursor to undergo 
thermal ring closure. Thus, a porous polyimide layer 
having a film layer was obtained. 
[0070] This porous layer was an even spongy layer 
having a dense layer on the surface thereof. The thick- 
nesses of the film layer and porous layer were 3 um and 
22 urn, respectively. The insulating layer had a porosity 
of 40% and a permittivity of about 2.4. The dense layer 
had a thickness of about 1 um, porosity of about 5%, 
and average surface pore diameter of 20 nm. 

PRODUCTION EXAMPLE 2 OF COPPER FOIL-CLAD 
POROUS LAYER 

[0071] A polyimide precursor was applied to the 
blackened side of a copper foil and then caused to un- 
dergo thermal ring closure in the same manner as in 
Production Example 1 . After the coating had been cured 
and then cooled to ordinary temperature, a film-forming 
dope consisting of the same components as the dope 
used above and having a solid concentration of 15% by 
weight was applied in an even thickness to the dried 
polyimide precursor film with a film applicator having a 
gap of about 90 um. Immediately after the application, 
this coated copper foil was immersed in 25°C pure water 
to coagulate the polyimide precursor and then dried at 
90°C for 1 hour or more. The coating thus dried was 
then heat-treated at 400°C for 3 hours in a nitrogen at- 
mosphere to cause the polyimide precursor to undergo 
thermal ring closure. Thus, a porous polyimide layer 
having a film layer was obtained. 
[0072] This porous layer was an even spongy layer 
having a dense layer on the surface thereof. The thick- 
nesses of the film layer and porous layer were 3 um and 
22 um, respectively. The insulating layer had a porosity 
of 40% and a permittivity of about 2.4. The dense layer 
had a thickness of about 1 um, porosity of about 25%, 
and average surface pore diameter of 30 nm, which was 
slightly larger than the pore diameter in Production Ex- 
ample 1 . 

PRODUCTION EXAMPLE 3 OF COPPER FOIL-CLAD 
POROUS LAYER 

[0073] A polyimide precursor was applied to the 
blackened side of a copper foil and then caused to un- 
dergo thermal ring closure in the same manner as in 
Production Example 1 . After the coating had been cured 
and then cooled to ordinary temperature, a film-forming 
dope consisting of the same components as the dope 
used above and having a solid concentration of 1 9% by 
weight was applied in an even thickness to the dried 
polyimide precursor film with a film applicator having a 
gap of 50 um. After the application, this coated copper 
foil was allowed to absorb moisture under the conditions 
of a relative humidity of 100% and a temperature of 
40°C. Thereafter, the coated copper foil was immersed 
in 25°C pure water to coagulate the polyimide precursor 



and then dried at 90°C for 1 hour or more. The coating 
thus dried was then heat-treated at 400°C for 3 hours 
in a nitrogen atmosphere to cause the polyimide precur- 
sor to undergo thermal ring closure. Thus, a porous 
s polyimide layer having a film layer was obtained. 

[0074] This porous layer was an even spongy layer 
having no dense layer on the surface thereof. The thick- 
nesses of the film layer and porous layer were 3 um and 
22 u,m, respectively. The insulating layer had a porosity 
of 50% and a permittivity of 2.2. The porous layer had 
an average surface pore diameter of 2 um. 

ETHANOL INFILTRATION TEST 

[0075] The copper foil was removed by etching from 
each of the layered polyimide products obtained in Pro- 
duction Examples 1 to 3. Ethanol was dropped onto the 
thus-exposed surface of the layered polyimide product 
to examine the surface for infiltration. As a result, etha- 
nol infiltration did not occur in all the layered products. 

EXAMPLE 1 

[0076] The copper foil-clad porous layer obtained in 
Copper Foil-Clad Porous Layer Production Example 1 
was subjected to film deposition on the surface thereof 
with a high-frequency sputtering film deposition appara- 
tus under the high-frequency power supply conditions 
of 13.56 MHz and 400 W (2.2 W/cm 2 ) for 3 minutes to 
form a thin metal film made of chromium having a thick- 
ness of about 30 nm. Film deposition thereon was fur- 
ther conducted with a DC two-pole sputtering film dep- 
osition apparatus under the DC power supply conditions 
of 0.6 A for 7 minutes to form a thin metal film made of 
copper having a thickness of about 120 nm. 
[0077] Subsequently, an acid copper sulfate plating 
solution was used to conduct electroplating at a current 
density of about 3 A/dm 2 and a plating temperature of 
25°C to form a metal film made of copper in a thickness 
of 1 8 um. As a result, a metal film comprising copper 
could be formed without arousing any particular prob- 
lem. 

[0078] On the other hand, an acid copper sulfate plat- 
ing solution was dropped onto the thin-metal-fiim side 
of the layered product just before the electroplating to 
examine the surface for infiltration. As a result, no plat- 
ing solution infiltration was observed. 

EXAMPLE 2 

[0079] Thin metal films were formed by high-frequen- 
cy sputtering and DC two-pole sputtering in the same 
manner as in Example 1 , except that the copper foil^clad 
porous layer obtained in Copper Foil-Clad Porous Layer 
Production Example 2 was used. Thereafter, electro- 
plating was conducted in the same manner as in Exam- 
ple 1 to form a metal film made of copper. As a result, a 
metal film comprising copper could be formed without 
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arousing any particular problem. 
[0080] Furthermore, an acid copper sulfate plating so- 
lution was dropped onto the thin-metal-film side of the 
layered product just before the electroplating to examine 
the surface for infiltration. As a result, no plating solution 5 
infiltration was observed. 

COMPARATIVE EXAMPLE 1 

[0081 ] Thin metal films were formed by high-frequen- 10 
cy sputtering and DC two-pole sputtering in the same 
manner as in Example 1 , except that the copper foil-clad 
porous layer obtained in Copper Foil-Clad Porous Layer 
Production Example 3 was used. Thereafter, electro- 
plating was conducted so as to form a metal film made is 
of copper. However, an even and smooth metal film was 
unable to be formed. Furthermore, an acid copper sul- 
fate plating solution was dropped onto the thin-metal- 
film side of the layered product just before the electro- 
plating to examine the surface for infiltration. As a result, 20 
plating solution infiltration was found to occur 

COMPARATIVE EXAMPLES 2 AND 3 

[0082] The surfaces of the copper foil-clad porous lay- 25 
ers obtained in Copper Foil-Clad Porous Layer Produc- 
tion Examples 1 and 2 were subjected to electroless 
plating without the formation of thin metal films by sput- 
tering. Thereafter, electroplating was attempted under 
the same conditions as in Example 1 . However, since 30 
the electroless plating could not be satisfactorily con- 
ducted, only a readily peelable metal layer was formed. 
Furthermore, an acid copper sulfate plating solution was 
dropped onto each layered product just before the elec- 
troless plating to examine the surface for infiltration. As 35 
a result, plating solution infiltration was found to occur. 

COMPARATIVE EXAMPLE 4 

[0083] A 45 ujn-thick adhesive epoxy sheet (ABF- 40 
45SH, manufactured by Ajinomoto-Fine-Techno Co., 
Inc.) and a 1 -ounce rolled copper foil were heat-laminat- 
ed to the surface of the copper foil-clad porous layer ob- 
tained in Copper Foil-Clad Porous Layer Production Ex- 
ample 1 , at a temperature of 90°C and a pressure of 49 45 
kPa. The resultant laminate was hot-pressed under the 
conditions of 1 80°C and 6 M Pa to obtain an each-side 
metal foil-dad layered product. The copper foils were 
removed from this each-side metal foil-clad layered 
product by etching, and the whole insulating layer was 50 
examined for dielectric characteristics in the same man- 
ner as for the copper foil-clad porous layers. As a result, 
the permittivity thereof was found to be 3.8, which was 
considerably higher than that in Production Example 1 
(permittivity: 2.4). 55 
[0084] It should further be apparent to those skilled in 
the art that various changes in form and detail of the 
invention as shown and described above may be made. 



It is intended that such changes be included within the 
spirit and scope of the claims appended hereto. 
[0085] This application is based on Japanese Patent 
Application No. 2002-003742 filed January 10, 2001, 
the disclosure of which is incorporated herein by refer- 
ence in its entirety. 



Claims 

1. A method of forming a metal layer on a surface of 
a porous resin layer which comprises: a step in 
which a porous resin layer having a dense layer as 
a surface part thereof is used as the porous resin 
layer and a thin metal film is formed on the surface 
of the dense layer by a dry process; and a step in 
which a metal film is formed on the surface of the 
thin metal film by plating. 

2. The method of metal layer formation of claim 1 , 
wherein the porous resin layer is formed on a metal 
foil directly or through a resin film layer. 

3. The method of metal layer formation of claim 1 , 
wherein in forming the thin metal film, a thin metal 
film made of a metal or alloy comprising at least one 
member selected from the group consisting of chro- 
mium, titanium, platinum, palladium, and nickel is 
first deposited in a thickness of 5 nm or larger before 
forming the thin metal film by a dry process. 

4. A metal foil-based layered product which comprises 
a metal foil, a porous resin layer formed over the 
metal foil directly or through a resin film layer, and 
a metal layer formed on the surface of the porous 
resin layer, wherein the porous resin layer has a 
dense layer as a surface part thereof and has a thin 
metal film formed on the surface of the dense layer 
by a dry process. 

5. The metal foil-based layered product of claim 4, 
wherein the thin metal film comprises a layer made 
of a metal or alloy comprising at least one member 
selected from the group consisting of chromium, ti- 
tanium, platinum, palladium, and nickel. 

6. The metal foil-based layered product of claim 4, 
which is used for the production of a wiring board. 
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